Background
A regimen of epirubicin, cisplatin, and infused fluorouracil (ECF) improves survival among patients with incurable locally advanced or metastatic gastric adenocarcinoma. We assessed whether the addition of a perioperative regimen of ECF to surgery improves outcomes among patients with potentially curable gastric cancer.
Methods
We randomly assigned patients with resectable adenocarcinoma of the stomach, esophagogastric junction, or lower esophagus to either perioperative chemotherapy and surgery (250 patients) or surgery alone (253 patients). Chemotherapy consisted of three preoperative and three postoperative cycles of intravenous epirubicin (50 mg per square meter of body-surface area) and cisplatin (60 mg per square meter) on day 1, and a continuous intravenous infusion of fluorouracil (200 mg per square meter per day) for 21 days. The primary end point was overall survival.
Results
ECF-related adverse effects were similar to those previously reported among patients with advanced gastric cancer. Rates of postoperative complications were similar in the perioperative-chemotherapy group and the surgery group (46 percent and 45 percent, respectively), as were the numbers of deaths within 30 days after surgery. The resected tumors were significantly smaller and less advanced in the perioperative-chemotherapy group. With a median follow-up of four years, 149 patients in the perioperative-chemotherapy group and 170 in the surgery group had died. As compared with the surgery group, the perioperative-chemotherapy group had a higher likelihood of overall survival (hazard ratio for death, 0.75; 95 percent confidence interval, 0.60 to 0.93; P = 0.009; five-year survival rate, 36 percent vs. 23 percent) and of progression-free survival (hazard ratio for progression, 0.66; 95 percent confidence interval, 0.53 to 0.81; P<0.001).
Conclusions
In patients with operable gastric or lower esophageal adenocarcinomas, a perioperative regimen of ECF decreased tumor size and stage and significantly improved progression-free and overall survival. (Current Controlled Trials number, ISRCTN93793971.) 12 T he outcome among patients with gastric or lower esophageal cancer is determined by the stage of the disease at presentation. Localized disease, limited to the mucosa and submucosa, is best treated surgically and has a five-year survival rate of 70 to 95 percent. 1, 2 Once tumor cells have spread through the submucosa, the risk of lymph-node metastases increases and the likelihood of prolonged diseasefree survival diminishes. Western surgical and population-based series show that most patients present with tumor that has penetrated the submucosa; they have a five-year survival rate of 20 to 30 percent. 3 In Japan, extended surgery prolongs survival in such cases, even in the presence of lymph-node metastases, 2 but this effect has not been reproduced in Western trials. [4] [5] [6] [7] The regimen of epirubicin, cisplatin, and infused fluorouracil (ECF), which was developed in the late 1980s, 8 achieves response rates between 49 percent and 56 percent in randomized trials of the treatment of locally advanced gastric cancer. 9,10 As compared with a regimen of fluorouracil, doxorubicin, and methotrexate (FAMTX), the ECF regimen improves survival and response rates among patients with advanced esophagogastric cancer, 9, 11 and the side-effect profile is acceptable. These results have not been improved by substituting mitomycin for epirubicin. 10 A recent meta-analysis found that in advanced disease, epirubicin and cisplatin contribute independently to the efficacy of combination chemotherapy. 12 The present trial was designed to determine whether a regimen of ECF given before and after radical surgery improves the outcomes of operable gastric cancer. The potential benefits of administering ECF preoperatively include increasing the likelihood of curative resection by downstaging the tumor, eliminating micrometastases, rapidly improving tumor-related symptoms, and determining whether the tumor is sensitive to the chemotherapy. The primary end point of the trial was overall survival; secondary end points were progression-free survival, surgical and pathological assessments of down-staging (i.e., tumor diameter, tumor stage, and nodal status), the assessments by the surgeons about whether the surgery was curative, and quality of life.
Me thods

Eligibility
Patients of any age who had a World Health Organization (WHO) performance status of 0 or 1 were eligible if they had histologically proven adenocarcinoma of the stomach or lower third of the esophagus that was considered to be stage II (through the submucosa) or higher, with no evidence of distant metastases, or locally advanced inoperable disease, as evaluated by computed tomography, chest radiography, ultrasonography, or laparoscopy. 13 The original trial design included patients with gastric carcinomas only, but on the basis of the increased incidence of tumors of the esophagogastric junction, eligibility criteria were extended in 1999 to include adenocarcinomas of the lower third of the esophagus. This change coincided with the end of the Medical Research Council (MRC) OEO2 trial of neoadjuvant chemotherapy in patients with esophageal cancer. 14 Patients were excluded if they had previously received cytotoxic chemotherapy or radiotherapy, had uncontrolled cardiac disease, or had creatinine clearance of 60 ml per minute or less. The protocol was approved by the relevant ethics committees, and patients gave written informed consent for participation in the trial.
Treatment
Patients were randomly assigned to either perioperative chemotherapy and surgical resection (the perioperative-chemotherapy group) or to surgical resection alone (the surgery group) by means of a telephone call to the MRC Clinical Trials Unit. Treatment was allocated with the use of the minimization method according to the following stratification factors: age, tumor site (e.g., stomach, esophagogastric junction, or lower esophagus), WHO performance status, and surgeon. Chemotherapy was administered for three cycles preoperatively and three cycles postoperatively. Each 3-week cycle consisted of epirubicin (50 mg per square meter of body-surface area) by intravenous bolus on day 1, cisplatin (60 mg per square meter) intravenously with hydration on day 1, and fluorouracil (200 mg per square meter) daily for 21 days by continuous intravenous infusion with the use of a double-lumen Hickman catheter and a portable infusion pump. One mg of warfarin daily was recommended as prophylaxis against thrombosis. Before each cycle of chemotherapy, a complete blood count was obtained and blood urea nitrogen, electrolyte, and serum creatinine levels and liver function were determined. Dose modifications of the ECF regimen were recommended for patients with myelosuppression and thrombocytopenia, and of fluorouracil for those with stomatitis, hand-foot syndrome (palmar-plantar erythrodysesthesia), and diarrhea. The left ventricular ejection fraction was measured by multiple gated acquisition scanning or echocardiography in patients with a history of ischemic heart disease. If the left ventricular ejection fraction was less than 50 percent, epirubicin was omitted. If there was a rise in the serum creatinine level, the creatinine clearance was determined and the cisplatin dose was modified if appropriate. Cisplatin was discontinued in patients with clinically significant ototoxicity or sensory neural damage. The severity of adverse effects, defined according to the National Cancer Institute Common Toxicity Criteria, and performance status were assessed every three weeks.
Surgery
Surgery was scheduled to take place within six weeks after randomization in the surgery group and three to six weeks after completion of the third cycle of chemotherapy in the perioperativechemotherapy group. Postoperative chemotherapy was to be initiated 6 to 12 weeks after surgery.
After undergoing laparotomy, patients had a preaortic, infracolic node removed and submitted to frozen section examination for metastatic involvement. If the nodes were involved, further management of the disease was at the discretion of the clinician. In radical total gastrectomy, the whole stomach was removed, with the proximal line of division through the distal esophagus, and the distal line of division through the proximal duodenum. The resection also included the greater and lesser omenta and any other organs involved by extension of the primary growth (e.g., pancreas, spleen, mesocolon, colon, or left lobe of liver). The procedure for a radical subtotal distal gastrectomy was the same, but a small, viable gastric remnant was left intact. In both procedures, the resection lines had to be at least 3 cm from the edge of the macroscopic tumor.
The surgeon decided the extent of the lymphnode dissection. Lymph nodes along the lesser and greater curvatures and at the origin of the left gastric artery were to be included. Nodal sampling for histologic examination of other groups was recommended. In esophagectomy the thoracic approach was not stipulated. The object of nodal dissection was to remove periesophageal nodes. Separate sampling of the subcarinal and celiacaxis lymph nodes was recommended.
Surgeons were asked to document the extent of dissection and to state whether the procedure was likely to be curative. The resection was judged curative, either absolutely or relatively, if all macroscopic and microscopic disease seemed to have been removed. All resected specimens were examined at local pathology laboratories according to a standard protocol that used the tumor-nodemetastasis (TNM) classification. 13
Statistical Analysis
On the basis of the results of the second British Stomach Cancer Group trial, 15 we estimated that the five-year survival rate after surgery alone would be 23 percent. The trial was designed to detect an absolute increase in survival of 15 percent in the perioperative-chemotherapy group, with a two-sided alpha level of 5 percent and a statistical power of 90 percent, given the enrollment of 500 patients over a period of four years, and approximately 250 deaths. Because smaller differences would still be clinically relevant, we originally intended to carry out a further joint analysis with another European trial of a similar design, which would have collectively given 90 percent power to detect an absolute increase in survival of 10 percent through the addition of perioperative chemotherapy. Since the latter trial closed early (February 1996) 16 after only 59 patients had undergone randomization, this was not possible. The initial analysis was to occur after 250, 17 patients had died and the final analysis was to occur, regardless of the results, after approximately 320 patients had died, when approximately 90 percent of patients had died or had been followed up for a minimum of two years. This approach would provide this trial alone with at least 70 percent power to detect an absolute difference between the two groups of approximately 10 percent at five years. These criteria were met in December 2004, and the database was frozen for analysis on December 2, 2004. Progression-free survival was calculated from randomization to the first event (i.e., local recurrence or progression, distant recurrence, or death from any cause), and overall survival was calculated from randomization to death. Data on patients who were event-free were censored on the date the patient was last seen. Kaplan-Meier curves for progression-free and overall survival were compared with the use of the log-rank test on an intention-to-treat basis. Hazard ratios were calculated with the use of a Cox regression model including treatment alone (primary analysis) and after adjustment for baseline stratification factors. Categorical data were compared with the use of chi-square tests, with a test for trend over ordered categories (e.g., T stage). Tumor measurements were compared with the use of nonparametric Mann-Whitney tests. All tests were two-sided and unadjusted for multiple comparisons.
The trial was overseen by an independent datamonitoring committee that met five times (approximately annually) to review accrual, safety, and efficacy data. The committee recommended continuation at each review. A formal stopping rule was not prespecified.
R esults
Characteristics of the Patients
Between July 1994 and April 2002, 503 patients were randomly assigned to treatment -250 to perioperative chemotherapy and surgery and 253 to surgery alone. Most patients were from 45 centers in the United Kingdom. Other trial centers were in the Netherlands, Germany, Brazil, Singapore, and New Zealand; 129 surgeons took part. Table 1 shows that the two groups were similar in terms of age, sex, and WHO performance status. Distribution according to the site and size of the tumor was also well balanced.
Treatment
Chemotherapy
Preoperative data were available for 246 of 250 patients in the perioperative-chemotherapy group. Nine patients did not start chemotherapy for the following reasons: patient request (five patients), reassessment as inoperable (one), deterioration before chemotherapy could start (one), the necessity for immediate surgery (one), and problems with the Hickman catheter (one). Of the 237 who started treatment, 215 completed three cycles. The reasons for not completing three preoperative cycles Median -cm 5.0 5.0
Interquartile range -cm 3.0-7.0 3.0-7.0 * There were no significant differences between groups. † A WHO performance status of 0 denotes asymptomatic, and 1 symptomatic but fully ambulatory. ‡ Percentages are based on the number of patients with tumors of a known diameter (i.e., 162 in the perioperative-chemotherapy group and 183 in the surgery group). (2), and other (2). A total of 215 patients (86.0 percent of patients who were assigned to receive perioperative chemotherapy, and 90.7 percent of those who started chemotherapy) completed preoperative chemotherapy, of whom 209 (including 1 patient who received only one preoperative cycle) proceeded to surgery. Of those 209 patients, 137 (65.6 percent [54.8 percent of the 250 patients assigned to receive perioperative chemotherapy]) subsequently began postoperative chemotherapy. Postoperative treatment details were missing for three patients. Reasons for not starting postoperative chemotherapy after completion of the first three cycles were disease progression or early death (37 patients), patient choice (11), postoperative complications (10), problems with the Hickman catheter (4), previous toxic effects (3), lack of response to preoperative treatment (2), and worsening coexisting disease (2). Of the 137 patients who started postoperative chemotherapy, 104 (75.9 percent) completed the three postoperative cycles.
Therefore, 104 of 250 patients (41.6 percent) randomly assigned to perioperative chemotherapy completed all six cycles of chemotherapy and 103 of 208 patients (49.5 percent) who completed preoperative chemotherapy and surgery also completed postoperative treatment (1 patient received six cycles but did not undergo surgery). Of the 237 patients in the perioperative-chemotherapy group who started treatment, 4 died within 60 days after commencing treatment, 2 because of their cancer and 2 because of cardiac problems. After surgery, there was no clinically significant increase in the incidence of grade 3 or grade 4 toxic effects associated with the chemotherapy (Table 2) .
Surgery
In the perioperative-chemotherapy group, 229 patients (91.6 percent) underwent surgery, including those who did not complete preoperative chemotherapy, with a median time from randomization to surgery of 99 days. In the surgery group, 244 patients (96.4 percent) underwent surgery, with a median time from randomization to surgery of 14 days. The type of surgery performed and the pathological tumor stage and nodal status are [5.9 percent] , respectively) and the median hospital stay (13 days in both groups).
Pathological Findings
The median maximum diameter of the resected tumor was smaller in the perioperative-chemotherapy group than in the surgery group (3 cm vs. 5 cm, P<0.001); this finding is consistent with tumor shrinkage in the chemotherapy group. Among all patients undergoing resection, there was a greater proportion of stage T1 and T2 tumors in the perioperative-chemotherapy group than in the surgery group (51.7 percent vs. 36.8 percent, P = 0.002 by the chi-square test for trend). Also, among patients with gastric cancer, there was a significant trend to less advanced nodal disease (i.e., N0 or N1) in the perioperative-chemotherapy group than in the surgery group (84.4 percent vs. 70.5 percent, P = 0.01 by the chi-square test for trend).
Progression-free and overall survival
At the time of analysis, the median follow-up was 49 months in the perioperative-chemotherapy group and 47 months in the surgery group; 90 percent of the patients had died or were followed for more than two years. The numbers of surviving patients with less than two years of follow-up were 17 in the perioperative-chemotherapy group and 35 in the surgery group. Before death, local recurrence was confirmed in 36 patients (14.4 percent) in the perioperative-chemotherapy group and 52 patients (20.6 percent) in the surgery group, with distant metastases confirmed in 61 patients (24.4 percent) and 93 patients (36.8 percent), respectively. A total of 319 patients died (149 in the perioperative-chemotherapy group and 170 in the surgery group) and 353 patients had disease progression or died (163 and 190, respectively) .
As compared with the surgery group, the perioperative-chemotherapy group had a significantly higher likelihood of progression-free survival (hazard ratio for progression, 0.66; 95 percent confidence interval, 0.53 to 0.81; P<0.001) (Fig.  1A) , and of overall survival (hazard ratio for death, 0.75; 95 percent confidence interval, 0.60 to 0.93; P = 0.009) (Fig. 1B) . Adjustment for stratification factors (excluding the surgeon) gave a hazard ratio for death of 0.74 (95 percent confidence interval, 0.59 to 0.93; P = 0.008) in the perioperative-chemotherapy group. Five-year survival rates were 36.3 percent (95 percent confidence interval, 29.5 to 43.0 percent) among patients in the perioperative-chemotherapy group and 23.0 percent (95 percent confidence interval, 16.6 to 29.4 percent) among those in the surgery group. Figure 2 shows that there was no clear evidence of heterogeneity of treatment effect according to the site of the primary tumor, age group, sex, or the WHO performance status.
Since our analysis in December 2004, only seven deaths have been reported. Since most patients have now passed the period during which deaths from gastric cancer are most likely to be reported (i.e., the steepest part of the Kaplan-Meier curves), we would expect the death rate to continue to decline.
Discussion
In this randomized trial of chemotherapy in patients with resectable gastric cancer, we demon- strated a survival benefit with the use of perioperative chemotherapy as compared with surgery alone, with an estimated improvement of 13 percentage points in the five-year survival rate, corresponding to a 25 percent reduction in the risk of death. In contrast, randomized trials of postoperative (adjuvant) chemotherapy 15, 18, 19 and a meta-analysis by Hermans et al. 20 concluded that postoperative chemotherapy did not add a survival benefit to surgery. A small but significant benefit of postoperative chemotherapy was found in two other meta-analyses, but these results have not generally influenced standard clinical practice. 21, 22 We initially planned to combine our results with those of a Dutch Gastric Cancer Group study, 16 which randomly assigned patients with operable gastric adenocarcinoma to four cycles of FAMTX before surgery or to surgery alone. This study was closed after 59 patients were enrolled and after an interim analysis showed inadequate rates of curative resection in the chemotherapy group. The median survival at the time of reporting was 18 months in the group receiving chemo-therapy plus surgery and 30 months in the group undergoing surgery alone (P = 0.17). This outcome may reflect the inferiority of the FAMTX regimen as compared with the ECF regimen in patients with advanced disease. 9, 11 An important trial involving patients with operable gastric cancer is the U.S. Southwest Oncology Group Intergroup study (SWOG 9008/ INT-0116), in which 556 patients were randomly assigned to adjuvant chemoradiotherapy with fluorouracil or surgery alone. The trial showed that median survival was 36 months with postoperative chemoradiotherapy and 27 months with surgery alone (hazard ratio, 0.74; 95 percent confidence interval, 0.60 to 0.92; P = 0.005). 23 Our results and those of the SWOG Intergroup study are not directly comparable because we enrolled patients at the time of diagnosis, whereas the other study enrolled patients only after they had undergone a complete resection.
A possible limitation of our trial is that only 42 percent of patients in the perioperative-chemotherapy group completed all protocol treatment; 34 percent of patients who completed preoperative chemotherapy and surgery did not begin postoperative chemotherapy, predominantly owing to early disease progression, patient request, or postoperative complications. Nevertheless, patients assigned to perioperative chemotherapy had a significant survival advantage over those who underwent surgery alone. Early disease progression reflects the aggressive biology of gastric cancer, and the acceptability of the ECF regimen to patients may have been adversely affected by the need for long-term intravenous access and an infusion pump. Because this trial evaluated perioperative treatment, it is not possible to attribute the favorable outcome to preoperative or postoperative chemotherapy. Comparisons of survival between patients completing preoperative chemotherapy only and patients who received all six cycles will be biased owing to the nonrandomized distribution of these groups. However, the efficacy of the ECF regimen in our trial provides support for the current U.S. Intergroup Trial of Adjuvant Chemoradiation after Resection of Gastric or Gastroesophageal Adenocarcinoma, which is testing a postoperative ECF regimen in addition to chemoradiation (Cancer and Leukemia Group B 80101). New chemotherapy agents have become available since the inception of this trial. Both the oral fluoropyrimidine prodrug capecitabine and the non-nephrotoxic platinum compound oxaliplatin are being evaluated as substitutes for infused fluorouracil and cisplatin, respectively, in patients with previously untreated advanced esophagogastric cancer. 24 In summary, our results show that perioperative chemotherapy with a regimen of ECF improves overall and progression-free survival among patients with resectable adenocarcinoma of the stomach, lower esophagus, or gastroesophageal junction, as compared with surgery alone. This treatment should therefore be considered as an option for patients with adenocarcinoma in these sites.
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